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SUMMARY-ANALYSIS OF HEARINGS HELD MAY S-8, 1959, 
ON FALLOUT FROM NUCLEAR WEAPONS TESTS 

I. Introduction 

The Special Subcommittee on Radiation of the Joint Committee 
on Atomic Energy held public hearing from May 5 to May 8. 1959, 
on fallout from nuclear weapons testing. It was the intent of these 
hearings to bring up to date the scientific information developed by 
the subcommittee in its 1957 hearings, including consideration of 
new matters; to examine alternative wea pons-testing policies from 
the standpoint of the resulting fallout; and to learn what is being 
done by various Federal agencies and their contractors in the fields 
of research and monitoring-surveillance on worldwide fallout. 

To accomplish these purposes the subject matter was restricted 
to problems of fallout associated with nuclear weapons tests, with 
the implications of all-out nuclear war being reserved for separate 
hearings in June. 

A panel of technical advisers consisting of qualified scientists 
both inside and outside the Government 1 was invited to assist the 
committee in preparing for the hearings. With the help of the panel, 
i detaued technical outline for the hearings was developed and some 
30 expert witnesses were invited to testify. 

These witnesses were requested to present significant developments 
which have occurred in their particular fields of competence since the 
1957 hearings. Statements for the record were also solicited from 
ether scientists, including some who testified in the 1957 hearings but 
did not participate in the oral testimony in 1959. 

The subcommittee utilized the technique of asking each expert 
witness to summarize data pertaining to a given aspect of the problem. 
The committee also utilized groups of witnesses in roundtable dis- 
cussions, as it did in the 1957 hearings, to discuss major points and 
implications of now data. 

A volume of material computable in scope to that of the 1957 
hearings has resulted, attesting both to the rapidly growing amount 
of information related to this subject and its dissemination. The 
committee notes, in this regard, that no other mechanism presently 
«ists within the Federal Government for such a systematic compila- 
tion of material on fallout for the information of the public. 

1 Following wer* members of the penal: 9. D. Cornell, FsacuMve Ofleer, National Academy of Scienoee; 

1 1 T*>lor. Chief, Atomic end Radiation Physics Division, National Bureau of 8tamlardj; F. J. Weber, 
Division of Radiological Health, UJ. Public Health Service, John II. Harley, Assistant Director, 
§*ha and Safety Laboratory, AtomJo Energy Cemmisskm; L. Machta, U.8. Weather Bureau; 0. L. 
Denham. Director, Division of Biology and Mtdkina, A tumid Energy Commission; Bentley Okie, Johns 
topkine University; Hal II oaiaUr/Di vision of Bioiogy and Msdfctoe, Atomic Energy Commission; Paul 
£• Tompkins, Joint Committee os Atomic Energy consultant; W. Belova, University of Pennsylvania: 

* HoclMvUr ’ RoastO Morgan, Johns Hopkins University Ufcnvttsd 

1 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


la bringing the 1957 hearings up to date tbs committee considered 
eettain key points, is listed in the committee’s 1957 summery 
analysis. These included; 

Origin of fallout: 

Distribution of fallout; 

Biological effects of radiation; 

Tolerance limits; 

Effects of past tests; and 
Effects of future tests. 


The committee also considered certain major unresolved questions 
as listed in the 1957 summary -analysis. These included: 

The existence of “clean" (versus "dirty") weapons; 

The degree of uonuniformity of the distribution of global 
fallout; 

The extent of natural “discrimination" exhibited by plants and 
animals against hazardous isotopes such as strontium 90; 

The existence of a so-called threshold for somatic (nongenetic) 
effects of low-level radiation; 

The threshold question as regards genetic effects, and 
The distinction between absolute numbers of persons affected 
by fallout versus percentage of the world population. 

The 1959 hearings served to demonstrate that firmer support can 
now be found for some statements of conclusion that were at best 
tentative in 1957. These concern, for example, such topics as the 
degree of nonuniformity of worldwide fallout distribution. Similarly, 
the 1959 hearings demonstrated that neater assurance seems to exist 
over problems, considered unresolved 2 years ago, such as the so-called 
discrimination factor for strontium versus calcium in plant and animal 
metabolism.' 


But the 1959 hearings also served to focus attention on new points 
of controversy such as the so-called hot-epot problem, and the im- 
portance of short-lived isotopes in fallout occurring far away from 
tcet sites. Perhaps most important, the question was raised of how 
to evaluate measured levels of fallout in the environment and in man 


in terms of some sort of measuring standard or criterion. Central to 
the lack of understanding on the last point were differences of opinion 
with regard to intemretation and application of the so-called maximum 
permissible dose (MPD) of radiation, from internal ^r external sources, 
and the so-called maximum permissible concentration (MPC) of 
radioactive materials in tho body, in air, or in water. 1 

A significant achievement of the hearings was the declassification 
of important new information on the weapons test programs which 
have been conducted by the United States, Great Britain, and the 
U.S.S.R. Included in this information, which was mado public for 
the first time in these hearings, was a table showing both the total 


• M DtocrtmlnaUon" to ft moctentom by which plants and animals uhlbtt • prefcrtooc tor corUin etonxato 
thus ecreenlnf out some of the ndiotettn miUiiiJ pimed aloof to mao. TteeoacepttoappItodtoatonMftt* 
inch u strontium and calcium, tint in similar hot not ktanucml in mtUboJk) Interior. 

• Maximum parmtosShto dm (UVD) to ft noommoodad roJot of permteibto radiation ten nlattof to 
ftjpooun of tndMOoato «r group! to radiation under rtrtooft ipooUUd eondiOaon 

Maximum pormtotobto ooncentntfcn (MPC) to ft neoauNOdad rthn of f w wto y of vndtoaotln 
•tan* por unit of ttom, ftlr or wafer, fttoo rotottng to upon* of Indtvttato or groups to radiation mm 
m Jouo 

MPD ftod MPO ftro rototod to ooe another In principle but on not ahriyt readily tnUrohanffabh- 
The conditions for which MPD ftod MPO an boot defined an tor occupation a l axpooura. (Por a nxn 
detailed dtoeuaaton m pp. 7 and 114 
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yield and the fission yields detonated by all countries up to the present 
time in testing uudear weapons. (See pp. 1 1, 12.) Also declassified was 
important new information about the content of radioactive material 
in the stratosphere which has become available since 1057 by means 
of new direct measurement techniques. 

Finally, it is worth noting that the meetings of two expert groups, 
both hold just before the hearings began, helped to reconcile differ- 
ences in interpreting available data. These are the meeting of Na- 
tional Academy of Sciences Subcommittee on Meteorology and dis- 
cussions by a special seminar group * assembled at the request of the 
joint Committee to consider tne implications of future testing. As a 
result of these meetings and other scientific deliberations during tho 
2 years since tho committee’s 1957 hearings, the testimony at the 
1959 hearings tended to emphasize similarities rather than differences 
in opinion. For this reason, the hearings were more successful in 
bringing out points on which there is now general agreement than 
was true in 1957. Major unresolved questions still remain and re- 
quire clearer delineation if we are to deal with them effectively. Of 
particular concern, in this regard, are questions involving technical 
implications on policy. 


• fit* tpp. A, p. If. 




II. Summary 


In summary, the major points emerging from the hearings are pre- 
sented in the following paragraphs. 


ORiaiN Or FALLOUT 

Information developed at tho hearings shows that if the test pro- 
grams of all countries are considered together, the total nuclear yield 
resulting from these tests has increased markedly since 1954. Of the 
total 90-92 megatons ' fission yield equivalent released to date, 40 
megatons was produced in 1957-58. The bulk of this was detonated 
during 1958 in the U.S. Hardtack series and the U.S.S.R. October 
series. Large portions of the radioactive products produced in this 
latest series have gone into worldwide fallout due to detonations of 
large-yield weapons at high altitudes. 

As m 1957, testimony at the 1959 hearings indicated that strontium 
90 and cesium 137 • are still considered to present the greatest hazard 
in worldwide fallout (fallout away from the testing sites). But short- 
lived isotopes, such as strontium 89, iodine 131, barium 140, zirconium 
95, and others, were described by several witnesses as worthy of more 
consideration or even potentially equal in hazard to strontium 90 and 
cesium 137. Similarly, long-lived carbon 14 was described as a po- 
tential long-term hazard from nuclear weapons testa. 


DISTRIBUTION OF FALLOUT 


The nonuniform distribution of fallout material in the stratosphere 
and on tho ground, which was indicated in the 1957 hearings, has been 
confirmed. About two-thirds of the stratospheric material has been 
found in the Northern Hemisphere and about one-third in the Southern 
Hemisphere. 

The estimated mean residence time 7 of material in the stratosphere 
is now taken as from 1 to 5 years, compared to the 5 to 10 years esti- 
mated in 1957. The shortest residence time (about a year) can be 
expected for debris from the 1958 U.S.S.R. tests in the Arctic. 

The rate of deposition of strontium 90 showed an increase in the 
spring of 1959 in the northern latitudes. Testimony indicated that 
such an increase may be the result of seasonal fluctuations and/or 
southward movement of polar air masses, coinciding with the 1958 
U.S.S.R. tests in the Arctic. Tho existence of localized hotspot areas 
was recognized, resulting among other things from uneven distribu- 
tion of radioactive debris removed from the troposphere by local rain- 
fall. a But the relationship of those hotspot areas to worldwide fall- 
out, if any, remains unclear. 


* A l-meftton bomb baa tho mm* explosive eoerty release at I mfiUon tout of TXT. Tha Hiroshima 
bomb yield wm estimated at 20,000 tom of TXT, or 30 kilo tons. 

* RjronUum 90 emit* beta partlelei which have relatively low energy but which achieve a destructive effect 
m bone, wh^etionUuni fit) seeks la a m a n ne r aimllar to calcium. Oeelum 1S7 emit* both beta parttdee 
f” Pran a jnidlaUoq, This tart** li taken op throughout the body and pretend a haaard pertftoutoly 
wrvproOMttve oaua 

* Bee pi 11. 
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FALLOUT FROM NUCLEAR WEAPONS TESTS 


UFTAM OF RADIOACTIV1 ISOTOPIC FROM FALLOUT 

The content of strontium 00 end cesium 187 in food has risen since 
1057, even more rtpidlj than the total fallout. Temporarily high 
levels have been found in various parts of the country suggesting that 
under certain conditions strontium 00 may be taken up directly with* 
out going through the soil. Therefore, a consistent degree of dis- 
crimination (i.o., the selective reduction of strontium 90 in relation to 
calcium) from the ground to man cannot be expected. 

BIOLOGICAL EFFECTS OF RADIATION 

Evidence was presented at the hearings suggesting that the niagui- 
tude of genetic effects (i.o., effects on future generations) resulting 
from a given dose of radiation may, contrary to the general belief in 
1057, have a definite relationship to the rate at which the dose is do* 
livered. The implication of this evidence is that the effectiveness of 
a given does of radiation is less at low dose rates than at high dose 
rates, even for gonetio consequences. 

The biological significance of low levels of radioactivity is still 
largely unknown. No resolution was reached on whether or not a 
threshold level of radiation exposure exists below which effects such 
as cancer and leukemia do not result. 


HOTSPOTS AND THEIR 8ION1FICANC1 

The term "hotspot" is used to refer to local areas, geographically 
speaking, where environmental contamination levels are considered 
to be higher than average lovels in other areas of the country with 
which comparisons are being made. That such hotspot areas exist 
was not disputed ; yet one of the ambiguities in the hearings testimony 
was the fact that no completely satisfactory definition was presented 
of what a hotspot is, how the limits of such an area are.defmed, and 
what the problems involved really are.' 

Some testimony suggested that higher radiation levels in limited 
areas do not. anv more than other nonuniformities, inorcase the 
overall hazard of fallout to the world’s population. This contention 
is based on the argument that the total hazard is related to the total 
dose of radiation roceived by an entire population, and is not related 
to geographio distribution. It is evident, however, that more data 
and greater consideration of how to evaluate the data are needed 
before a satisfactory answer to this problom can be worked out. 


BIGNinCANCB OF SHORT-LIVED ISOTOPES 


According to the testimony, recent fallout samples have con- 
centrations of short-lived isotopes which are equal to and in many 
cases higher than those of the longer-lived isotopes such as strontium 
90 and cesium 187. Due to their relatively rapid decay, the total 
radiation dose they deliver is ordinarily onlv a small fraction of that 
delivered by the longer lived isotopes. However, the short-lived 


1 Wor to Um hearten, the Mat Omnmlttea mb! • tetter to AlO, (toted Apr. T JMf rtqoeettm tafcrmatlaa 
• hotipet prowin. The oaUte* « i Um hearten ateo rpMfted ttM AEOehould preeeot detailed 
tatteMir <o tbr problem. FoDotrtni Cm hearten, the commute* requested addition*) tn formation from 
Um AKO In totten dated Mar if 1M», and Ion* 17, 196A The material rtf erred to, toftthar with Um 
AEC mpouet, to cootaterd in Um printed beartsp. - 
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I itotopca may be acquiring more significance than previously thought 
in view of uie fact that fallout from the stratosphere has proven to 
be faster than estimated earlier (see p. 6), together with the poeai- 

I bility of selective concentration in some particular organ of the body 
(i.e., radioactive iodine in the thyroid). The question apparently 
merits greater attention than it has received in the past, particularly 
■ in forecasting the effects of future tests. (See pp. 8, 20.) 

SIGNIFICANCE OF CARBON 14 

Information provided for the hearings suggests that radioactive 
carbon 14 from past weapons testa could constitute a genetic hazard 
to the world's population. Tho magnitude of this hazard has been 
estimated to bo comparable to, and in some estimates in excess of, tho 
genetic hazard from other fallout isotopes. One of the principal 
problems in making these estimates is how to assess the hazard of 
a dose which may bo comparable in magnitude to that from cesium 137 
and other genetically hazardous fallout isotopes but which occurs over 
a much longer timo period (the equivalent of 8,000 years compared 
with 40 years or so). Here again, a probloin was presented for which 
available information appears to be inadequate. Greater omphosis 
should bo givou to moans by which this problem may be properly 
evaluated. 

MAXIMUM PERMISSIBLE DOSE AND MAXIMUM PERMISSIBLE CONCEN- 
TRATION 

It was generally agreed that in considering acceptable exposure 
limi|s in the context of worldwide environmental contamination from 
fallout, tho best assumption that can bo made at present concerning 
the relationship of biological effect to radiation dose is to assume that 
any dose, howovor small, produces somo biological effect and that this 
effect is harmful. Tho testimony made it clear that much difficulty 
now exists in evaluating the hazards of environmental contamination 
from worldwido fallout. This is bccauso of tho difficulty in attempt- 
ing to apply to whole populations exposed to fallout tho concepts 
behind "maximum permissible doso” and "maximum permissible con- 
centration," which wore developed for occupational exposures to indi- 
viduals under controlled conditions.' 

Even if concepts developed for industrial application wero clearly 
transferable, tho testimony suggested confusion over such points as 
to how to apply existing maximum permissible concentrations for 
water to food in the fallout situation, bow to handle diets (what timo 
period to consider when "averaging”), and bow to allow for tho pos- 
sible presence of other isotopos than tno one being considered. 

Further evidenco of confusion concerning hazards evaluation in the 
testimony presented was given by tho use, on the one band, of indus- 
trially orien ted exposure recommendations discussed above and by 

■The standard recommended by the Internationa) Commission tor Radiologic*) Protection (IORP) for 
JttupatJoaal exposure of Individual industrial worker! correspond* to 2,000 strontium unite, whereas the 
1CBP recommend! a value corresponding to 67 strontium units as a standard for application to the genera) 
population. (8trontlum units are used as * measure of body levels of strontium 00. One strontium unit It 
tqtial to one m loom icro curie, i.e., one-millionth of a millionth of a curie, of strontium 00 per gram of calcium. 

A curie corresponds to the radtoaotlvityofa gram of radium.) In the Summary-Analysis of the 1967 hearing* 
it was noted that 100 strontium units was it that tirue the recommended standard for maximum permissible 
^wntratloo of rtratlum 90 to man tor * population* "lutyeot to • number of serious questions 
•M UmltsUons." 
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the use, on tbo other hand, of comparisons with natural background 
radiation levels. 1 * At present, it appears that each controversial 
situation involving fallout exposure is evaluated on an ad hoo basis, 
but with little understanding or agreement on how the evaluation is 
to be done. 

EFFECTS OF PAST AND FUTURE TESTS 

It was forecast that the average concentration of strontium 00 in 
human bone from past weapons tests will reach its maximum value 
in the period 1962-65. The predicted U.S. average value of 6 stron- 
tium units (S.U.) is slightly higher than for average Western popula- 
tions (5 S.U.) and lower than the average for Eastern peonies (10 S.U.). 
Thus for testing already conducted, man's exposure to fallout radiat ion 
is and will be relatively small compared to tne "normal background” 
radiation or the standard recommended by the International Com- 
mission on Radiological Protection (ICRP). 

Assuming successive cycles of testing over the next two generations 
or less, following the same pattern as the past 5 years, the predicted 
average concentration in bone will be about 48 strontium units. 
This is close enough to the maximum permissible body burden of 67 
strontium units recommended by the International Commission on 
Radiological Protection to suggest that a hazard to the world's 
population could result during this period. 

ALTERNATIVE PATTERNS OF TE8TIN<} 

Testimony at the hearings indicated that— 

Underground tests can be conducted with relatively small weapons, 
without contaminating the atmosphere with radioactivity. Great 
practical difficulties exist for testing large or megaton weapons under- 
ground 

Outer space tests can be conducted under conditions— among which 
are distance and yield of the device— which will reduce atmospheric 
contamination to an as vet unknown degree. To obtain test data, 
there exist practical problems of instrumentation which would require 
further teste in space to resolve. 

Environmental testing is necessary to establish effects of nuclear 
weapons on military targets, equipment, radiation levels, etc. 


GOVERNMENT PROGRAM AND ORGANIZATION 


While the AEC has accelerated its efforts in fallout research in the 
past 2 vears, particularly in sampling and analysis, the fallout program 
as a whole apparently has not rocoived the high administrative level 
support it needs to give it the nocossary impetus. Increased dollar 
outlays for facility and operating expenses have been useful but 
further improvements in the program, its administration and its 
organization, are required. These should include adequate staffing 
in the AEC Biology and Medicine Division to meet the broad require- 
ments of an expanding program. Better coordination by the AEC of 
fallout information is essential. Adequate radiation standards must 


» "Background" nutation oocdm mooUy from naturally ulftfey radioactlTa materials and from ootmk 
ray* emitted from outer ipaoe. It b rellmated that in in aTer^afoyacr UbUme a man will rtotlTi 7 to 10 
roe ntfffiu from mob background radiation* 
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bo dovclopcd in cooporation with the various Federal, State, and 
private agencies. 

Tbe Public Health Service, which has been conducting a survoy of 
radioactive fallout dobris in milk, operates a research laboratory in 
Cincinnati and has a newly croatcd staff in Washington. However, 
expenditures and numbors of personnel remain Bmali. 

With regard to tho fallout program, increased emphasis should be 
placed on tho "hot spot” problem, declassification and periodic publi- 
cation of useful information, development and application of exposure 
standards, and bettor coordination among Government agencies in 
determining, controlling, and evaluating environmental hazards. 

In implementing an effective program, the first job is to define 
clearly what tho real problems aro and then assign responsibilities for 
meeting theso problems. In tho process, caro should bo taken not 
to interfere with existing programs which aro making major con- 
tributions to knowledge m tho fallout field. 




m. Important Information and Results 


ORIGIN AND DISTRIBUTION OP NUCLEAR WEAPON DEBRIS 

One of the major unresolved questions of the 1957 hearings was: 
“To what degree is the distribution of radioactive fallout uniform, or 
irregular, throughout the world?” The 1957 hearings indicated that 
data from sampling programs strongly implied a nonuniform distri- 
bution on the ground, as predicted by Dr. Machta and others but no 
agreement was reached as to the degreo of nonuniformity that could 
be expected. There was some controversy as to the mean residence 
time 11 for which the worldwide debris could be expected to remain 
in the stratosphere — the range being from 5 to 10 yean for different 
estimates. 

By contrast, the present hearings indicated substantial agreement 
on the meaning of new information contained in the testimony or 
published in the scientific literature since 1957. This information 
included: 

1. The release of data about the total yields of all nuclear weapon 
detonations through October 1958 (reproduced as tables I, II, and III). 

Tabu 1 . — United Staler and United Kingdom nuclear even 1$ 


(Yield in UotM»' 


Yeer 

Total Aston 
yield 

Total fission 
yield from 
events, the 
total yield of 
whJcn was t 
megaton or 
greater 

1945» <•••• . * .»••• 

1W0. M 

00 

40 

100 

600 

17.000 
200 

9,000 

19.000 




1051 


1952~54» •»*••••••«<•*•»«••• ••••••••••••» •*•••••*••••-•*••••••••••••••• mmmmmmmm 

1055 

3*000 

*000 

14.000 

1050 T _ - r 




Tails 2. — Soviet nuclear evente 


(Yield In kUotons) 


Inclusive yean 

Total fission 
yield 1 

1045-51 

60 

1951-M - r 

600 

1955-56 

4.000 

*1.000 

1957-58 



1 A Faltie of 60 percent has been arbitrarily selected for the fission to total yield ratio for all Soviet thermo- 
nuclear tests. As Indicated In the tables, £0 percent Is about the average fission to total yield ratio for all 
United Statcs/United Kingdom thermonuclear tests. 


8 The mean residence time Is the half residence time divided by 0.7. The half residence time le the t line 
required for the amount o t material In the stratosphere to be reduced by 60 percent. These ooooepts are 
analogous to the mean life and half life for radioactive decay. 


11 
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Tails 8. — Unitod Statu, Unitod Kingdom, and Sooiot nueltor ootnlt 

(TWdtekfloUnl 



i A TtkM o 4 JO percent hat bMO arbitrarily aelecUd tor the fiasco to toUl rtoM ratio tor all Sot let tbsr* 
nonucletr u*t*. At indicated in tb# table*. JO percent la about Um a?cra|e ft a ri o a to total yield ratio tor 
all United BtatWUnftad Ktnrdoco ttemcwiefetr testa 


This information show* that 00 to 92 megatons fission yield equiva- 
lent have been released to dato. Of this amount, less than 1 megaton 
was released prior to 1052, and 40 megatons were released by all 
countries in 1057 and 1958. The bulk of this must have been 
detonated during 1058 due to the fact that both the U.S. Hardtack 
series, and the U.S.S.R. October 1958 series occurred during this 
period. 

2. Direct measurements in the stratosphere resulting from the high 
altitude sampling program conducted by the Department of Dofcnso 
and the so-called Ash can sampling program of the AEC have led to 
the conclusion that the stratospheric inventory of strontium 00 prior 
to the October 1958 weapons testing scries of the U.S.S.R. was dis- 
tributed preferentially in the Northern Hemisphere (about two-thirds 
of the total) compared with the Southern Hemisphere (about one-third 
of the total). A concentration peak was observed in the stratosphere 
over the Equator. The total amount of strontium 00 still in the 
stratosphere, including the input from the U.S.S.R. October 1058 
series, was estimated to be about 30 megatons equivalent fission yiold 
as of January 1, 1950. 

3. Measurements of the radioactivity in rain, in soil, in air and in 
food have confirmed the uneven distribution of fallout strontium 90 
on the ground. Testimony clearly shows that the Norihern Hemi- 
sphere has receiyed moro than twice as much fallout of strontium 00 
as the Southern Hemisphere, and that both hemispheres show peak 
yalues at about the 40°-50° latitudes, with much lower values at the 
Equator. On the basis of these measurements, the total amount on 
the ground was estimated as 30 megatons equivalent fission yiold, as 
of January 1, 1059. 

4. Measurements of the stratospheric inventory, including short- 
lived radioactive isotopes (barium 140, strontium 89) and long- 
lived isotopes (strontium 00, cesium 137, carbon 14) 11 together with 
measurements in soil, rain, and air samples, have changed the 1957 
estimates of the mean residence time of fallout material m the strato- 
sphere. The old estimate of from 5 to 10 years made in 1057 has 
been changed in 1950 to estimates of from 1 to 5 years, depending on 
where, geographically, the debris is injected. The measurements 
continue to show an increased rate of deposition of strontium 90 
in the spring or summer and a decreased deposition rate of strontium 
90 each fall or winter. 


» Set table on p. 23. 
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AU witnesses agreed that the rate of deposition of strontium 00 
could be axpocted to increase in the spring of 1959. However, two 
somewhat different explanations for those apparent annual cycles 
were offered. One explanation, presented by Dr. Machta, attributed 
tliis behavior to a natural meteorological phenomenon related to the 
circulation of the total air mass between the poles and the Equator. 
According to his hypothesis, sharp increases in the rate of strontium 
90 deposition would be expected noth in the spring of 1959 and the 
spring of 1960. 

Another explanation, presented by Dr. Martell, attributes tho effect 
to the fact that the U.o.S.R. tests tor tho post 3 years have coincided 
in time with a southward movement of polar air masses. 11 According 
to this hypothesis, a major deposition woidd be expected in tho spring 
of 1959 and a minor increase tho following spring. 

The consensus concerning this now information appeared to be 
that: 

(a) Radioactive material injected into the stratosphere closo to the 
Equator apparently will be distributed in both the Northern and 
Southern Hemispheres, with about twice os much going to the North- 
ern Hemisphere as to the Southern Hemisphere il the injections are 
slightly north of the Equator (11 0 N.). 

( b ) Radioactive material injected into the stratosphere in the 
higher latitudes of the Northern Hemisphere apparently will deposit 
almost entirely in that hemisphere, and will come dowrn with a mean 
residence time in the stratosphere of 1 year or less. This conclusion 
is particularly significant in a broad policy senso because the tests 
conducted by the U.S.S.R. are in these more northerly latitudes, 
whereas the United States and Unitod Kingdom high-yield tosts are 
conducted much nearer the Equator. 

5. The estimated differences in residence time do not lead to sub- 
stantial differences in estimating the ultimate biological consequences 
of worldwide fallout of strontium 90 in large populations, because all 
such estimates aro short in terms of years compared to the radio- 
active half life of strontium 90. u Howevor, several significant points 
were brought out in the testimony: 

(a) Estimates of the possiblo additional hazard duo to tho shorter 
lived materials, such as strontium 89, barium 140 and idodine 131,'* 
mav have to be modified. Testimony indicated that this influence may 
still be considered negligible compared with strontium 90 and cesium 
137 over a long period of time, on the basis of present information. 

However, testimony was presented strongly suggesting that short- 
lived isotopes cannot be ignored in estimating the hazards of world- 
wide fallout. On the contrary, they could constitute an important 
addition to the hazard from cesium 137 and strontium 90. For 
example, evidence was presented by E. A. Martell to show that these 
short-lived materials would lead to an average oxtcmal gamma ex- 
posure rate at certain localities in the United States equivalent to as 
much as one-half of the natural background radiation rate.'* Allow- 
ancc was m ade by the prediction panel for this effect (sec app. A), but 

“ Thb explanation does not account for the Increased deposition rate observed to the spring of 1951 
14 The different models differ by only 9 percent In prediction of the peak concentrations. (Sea app. A, 
flff. 1) Strontium DO baa a half life of 38 year*. Half Ufa la the time It takes for half the radioactivity to 
decay. Successive half lives are used as a measure of the foes of radioactivity which ultimately approaches 
hat does not reach, aero. 

'* Strontium 89 has f half-life of 51 days; barium 140. 12.8 days; and Iodine 131, 8 days (see table, p, 25). 

* The natural background radiation rate Is approximately 100 tallllrocntgons (MR) per year. 

44272 *<—09 8 
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the dose rate was lowered to provide for the effect of natural shielding 
due to unevenness of the ground, time spent indoors, eto. (Dr. 
MartelTs figures were oomputed for fission products deposited on an 
infinite flat plane— a theoretical, rather than an actual condition.) 

(b) The future fallout threat from strontium 00 mav have been 
overestimated in 1957 because the quantity of material still in the 
stratosphere at that time was probably somewhat overestimated. 17 
leaving less to be deposited during 1958-00. 

(e) The preferential deposition of material between hemispheres 
and within certain latitude bands of both hemispheres is more signili- 
cant in evaluating the ultimate disposition of fission products produced 
by weapons testing than is the stratospheric storage (or residence) 
time per se. 

(d) Local increases and decreases in the total radioactivity content 
of soil and food can be expected to occur in different places. This can 
happen, for instanco, when a local rain coincides with a high radio- 
activity count in the air. It is reasonable to expect that “hotter" and 
more sharply defined “hot spots" may be created during the next 
2 years due to material now in the stratosphere. (The reasons for this 
are explained on page 20, which contains a detailed discussion of the 
“hot spot" problem.) One result is continued difficulty in the inter- 

} >rctation and use of present surveillance measurements of worldwide 
allout. 


UPTAKE OF FALLOUT MATERIAL IN MILK, FOOD, AND HUMAN DONE 

The testimony showed that an expanded environmental sampling 
program has been developed both by the AEG and the U.S. Public 
Heiuth Service. The sampling networks have resulted in a compre- 
hensive body of information regarding the concentrations of radio- 
active material (and amounts deposited) in air, water supplies, milk, 
food supplies, sod, plants, animals, and humans. Measurements have 
been made of many radioactive materials other than strontium 90 and 
cesium 137. These include strontium 89, barium 140, iodine 131. 
sine 65, cerium 144, ruthenium 106, zirconium 65, niobium 95, and 
carbon 14. The detection of the short-lived isotopes tends to confirm 
the faster deposition of the fallout material, previously pointed out in 
the section on origin and distribution. The measurements have ranged 
from fallout radioactivity in woll water (none could be detected) to 
iodine 131 in the thyroids of animals (700 to 3,000 micromicrocuries of 
iodine 131 per gram of thyroid tissue). 1 * 

Testimony indicated that almost 99 percent of the radioactive 
strontium 90 carried down by rain is retained by the soil and plants, 
resulting in much lower quantities of strontium 90 in the water supply 
than in the original nun. 

It was also pointed out that strontium 90 and cesium 137 concentra- 
tions in milk and other foods have increased since 1957, even more 
rapidly than the total fallout deposition. This suggests a certain 
degree of direct uptake by animals and plants, which is dependent on 
the rate of fallout rather than on the accumulated levels. 

» Rittmatee at the Unit of tbo iW bouton von knot? booed on theory vbonoo promt oottnotoo are 

bared on direct measurement tcchntqooi developed In toe Interim period. 

** A mkromicrocurlt Je a mlUkmtb of o millionth of o curio and reralu la M dietnUfraUooi par oeeood 
Of Ibo radtoiiotop*. 
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The average concentrations of strontium 00 and cesium 137 in 
milk during 1968 were stated to be 7.6 micromicrocuriee of strontium 
90 per gram of calcium and 60 micromicrocuries of cesium 137 per 
gram of potassium. 1 ' Some samples were found ranging up to 5 times 
the average or 37.5 micromicrocuriee of strontium 90 per gram of 
calcium., (ExtensivS' tables showing the existing concentrations of 
radioactive materials in a wide variety of foods from different localities 
was submitted to the committee. Inis information has already been 
made available to the general public through the press, and will also 
be incorporated in the record of the committee hearings.) 

In the testimony presented to the committee the general consensus 
appeared to be that — 

1. The concentrations of radioactive materials in food and man 
have increased rapidly since 1957, and will probably go higher. 

2. The average concentration of strontium 90 in bone in the 
U.S. population were estimated to be 4 micromicrocuriee of strontium 
90 per gram of calcium in January 1959, and it is estimated that this 
figure will rise to about 6 micromicrocuries per gram of calcium in 1967 
from testing already carried out." Individual persons may have bone 
levels five times above or below these values. 

3. Populations, such as those in the Orient who derive most of their 
dietary calcium from cereals, will have a lower discrimination against 
strontium 90 than those populations who get much of their dietary 
calcium from milk. It was estimated that the strontium 90 con* 
centration in bone for Eastern populations would be about twice that 
of the Western populations in cases where the deposition of strontium 
90 is the same. 

4. Present evidence indicates that at some stages of plant growth, 
fallout material may be taken up directly by the plant without going 
through the soil. This mechanism was offered as a possible explana- 
tion of the high strontium 90 content of certain samples of wheat from 
Minnesota in 1957. 

5. A consistent degree of discrimination (i.e., a selective reduction of 
strontium 90 in relation to calcium) from the ground to man is not 
expected since at least a portion of the uptake appears to depend on 
the rate of fallout rather tnan the total amount oi strontium 90 on the 
ground. Furthermore, discrimination factors were shown to vary, 
at least under certain conditions, with the amount of calcium, phos- 
phorus, and other elements in the diet. However, discrimination 
is still considered to be a significant factor in reducing the amounts 
of strontium 90 taken up by humans in relationship to the amounts 
in the environment. 

6. Food, water, and bone show the presence of varying amounts of 
short-lived fission products, presumably associated with tne relatively 
fast fallout rate. 

7. Investigations of methods of intercepting these materials before 
they get into food or persons are underway. 

8. Harvesting of contaminated row crops removed about three- 
quarters of a simulated fallout deposit while removal of sod and heavy 
mulche s removed about 90 percent. 

11 The natural calcium content of milk ti about 1.1 trams of caldam p* kOocram of milk. The natural 
pota^um content of milk Is 1.4 irama of natural potassium per kUofram of milk, 

* 8* app. A on atfaoU of future lasting. 



16 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


9. Washing of vegetables removed 60 to 85 percent of the stron- 
tium 90 associated with some samples of vegetables, indicating looss 
material deposited on the surface of the plants. 

10. The bones of children reflect their diet more closely than bones 
of adults do. However, the strontium-90-calcium ratios in the active 
part of adult bone are similar to those of children. 

DEVELOPMENTS IN RADIATION BIOLOOT 

1 . Somatic tflecit 

A major unresolved question from tho 1057 hearings was: Is there 
a "safe’' minimum level of radiation or "threshold" below which there 
is no increase in the incidence of somatic— nougenctic — conditions 
such as leukemia or bone cancer? Does such a level exist below which 
there is no decrease in life expectancy in a population resulting from 
radiatiou? • 

Dr. Urucs, in summarizing progress during the past 2 years had this 
to say: 

I have to report that there la still no proof or disproof of this proposition And 
In fact, wc cannot see where it might bo coming from. This is because of the 
extremely small proportions of a population that would bo involved at fallout 
levels even under the most extrema guess s. Proponents of both sides of this 
argument are agreed that It would take millions and more likely billions of mice— 




There were, however, several interesting points regarding somatic 
effects which were brought out in the oral testimony and in material 
presented for tho record. They are: 

(a) Laboratory experiments with animals tend to show that, for 
any given radiation aoso, low doso rates are less effective than higher 
dose rates in producing tumors and leukemias. Worldwide fallout 
gives very low dose rates under conditions of tho weapon-testing 
program, compared to those used in laboratory experiments. 

(o) The work of Dr. Alice Stewart in England suggests that children 
who received whole body radiation, 1 to 10 roentgens, before birth 
while the mother was receiving abdominal X-rays, for pelvic measure- 
ment or other diagnostic reasons, have about twice tne incidence of 
cancer or leukemia than do children whose mothers did not receive 
abdominal radiation during pregnancy. 

(c) It was suggested that quantitative extrapolations from animals 
to man be done cautiously since each type of cancer or leukemia has 
its own particular sensitivity and time sequence of development. 

(d) In a paper prepared for the hearings Dr. E. B. Lewis estimated 
that the thyroid glands of the average infant and young child in the 
United States have received doses or beta radiation from iodine 131 
that is approximately equal to that which thoy would receive annually 
from natural background radiation. This estimate was based on the 
iodine 131 content of milk as shown by the U.S. Public Health Service ~ 
and AEC measurements. The possibility that these low doses might 
contribute to an increased incidence of cancer was pointed out, and 

in his paper Dr. Lewis estimated that the numbers might possibly 
run from 80 to 1,600 additional eases in the United States spread 
over tho Ufetimo of these individuals. 
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Dr. Lewis makes this significant observation about the interpretation 
of these estimates: 

On the linear hypothesis It la the avenge does over the entire population of the 
United Statee which is important and local hot spots do not then have the alarming 
signihcance that is often attributed to them nor, from the linear hypothesis, does 
the individual who receives a large dose of radiation need to be alarmed, since 
the individual's probability of developing a mallgnanoy remains relatively low 
even after heavy dose exposures. 

As noted in the 1057 summary analysis, the effects of radiation on 
the somatic or nongenetic cells in the body apply, by definition, ouly 
to the individual receiving the radiation, not to his descendants. 
But whereas the effect itself appears only in the individual or in* 
dividuals exposed, the incidence of the effect is spoken of in terms of 
a population. 

The principal kinds of effects considered here are leukemia, cancer, 
lowered resistance to stresses, and premature aging and death at* 
tribu table to no single cause. Nongenetic effects, like genetic effects, 
were described as being generally similar in naturo to tnoso produced 
by causes other than radiation. Here again , it ie the frequency of 
incidence that is changed. And here again, it wae pointed out, no 
experiments aimed at observing these biological effects have ever been 
conducted at radiation levels very close to the natural background. As 
before, all conclusions based on experimental or clinical data use data 
obtained at higher radiation levels. 

t. Genetic effects 

The testimony presented on geuetic effects shows that the general 
conclusions of 1957 with regard to the linearity of dose and effect are 
still the same.* 1 However, two points were stressed on the basis of 
work completed during the past 2 years: 

(а) Dr. Russell’s experiments on mice — involving radiation to the 
gonads— led to the surprising result that for a given total dose, low 
dose rates of radiation turned out to be only one-fourth as effective in 
producing mutatious as the same dose given at high dose rates. M 
This result, if substantiated by further research, suggests that previous 
estimates of the genetic consequoncos of radiation may be overesti- 
mated by at least fourfold. Presumably this would also apply to 
estimates of somatic effects (see previous section) computed on the 
basis of the linear hypothesis relating dose to anticipated conscquonccs. 

(б) The dangers of extrapolating quantitative effects from any 
species to man was stressed. Howevor, it was also emphasized that 
quantitative extrapolations from animal data to man are undoubtedly 
better than other sources, such as fruitflies. 

The general consensus concerning somatic and genetio effects 
appeared to bo that — 

(a) For any given total dose, low dose rates are generally less 
effective than nigh dose rates in producing biological damage. 
(The possibility that this might be generally true was pointed 
out in the 1957 hearings.) 

M According to the linear hypothecs for genetic effect* Induced by radUtlon, the biological remit to pro- 
portion el to the total dose and to Independent of the rate at vbfoh this done to delivered. 

» The range of exposure to about 300,(0) experimental animal* was from 00 room goal per minute to 90 
roentgens per wee*, or a change In exposure intensity of some lO.OOfr-fohl. Total acute exposum ranged 
bom 300 to 000 roentgens, while total chronic exposures ranged bom 00 to 061 roentgen*. 
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(b) This difference in effectiveness related to rediation dose 
rate appears to apply to both somatic (nougeuetic) aud genetic 
consequences of radiation. 

(c) Increased evidence is developing to show that the inci- 
donee of some natural diseases such as cancer and luekemia enu 
be related to radiation doses of less than 10 roentgens (butgiven 
at high dose rates) when unborn babies are subjected to X-rays 
during the pregnancy of the mother. 

(<f) More dotailed evaluations will be needed to assess ac- 
curately the jmssible significance due to the presence of short- 
lived isotopes in relation to the established hazards due to long- 
lived materials such as strontium 00 and cesium 137. 

PERMISSIBLE EXPOSURE LEVELS 

The recent increase in fallout levels has led to a much sharper 
interest in so-called Dermissible exposure levels for external and 
internal radiation and their application to the fallout situation, 
particularly as regards radioactivity in food supplies. During con- 
sideration of this subject, the committee heard testimony from 
members of the International Commission on Radiological Protec- 
tion (ICRP) and the National Committee on Radiation Protection 
(NCRP) who explained the history and the basis for the recommenda- 
tions put forth by these groups. This was followed by a roundtable 
discussion. 

The testimony showed that a significant area of agreement has 
developed on the approximate levels which could be considered 
appropriate. But some sharp differences exist over the way these 
conclusions should be reached and how the values should be applied. 
Most witnesses subscribe (4 the general point of view that radiation 
standards affecting the gen'oral population should not assume the 
existence of a threshold. Also, most witnesses appeared to subscribe 
to the concept that these standards should be based on a willingness 
to accept a level of exposure to manmade radiation, applied to a 
population, which bears a relationship to radiation exposure which 
is necessarily present from natural sources. Moat authorities havo 
estimated that lifetime exposure to suoh natural background radiation 
ranges from 7 to 10 roentgens. 

Dr. Faiila included in his testimony the following excerpts from the 
latest report of the IGRP: 

Any departure from the environmental conditions In whloh man has evolved 
may entail a risk of deleterious effects. It is therefore assumed that long-eon* 
tinued exposure to ionising radiation additional to that due to natural radiation 
involves some risk. However, man cannot entirely dispense with the use of 
Ionising radiations, and therefore the problem in praotlce u to limit the radiation 
dose to that whloh involves a risk that is not unacceptable to the individual and 
to the population at large. This is called a permissible does. 

The permissible doee for an individual ia that doee. accumulated over a long 

E eriod of time or resulting from a single exposure, which, in the light of present 
nowledge, carries a negligible probability of aovere somatic or genetic injuries; 
furthermore, it is such a dose that any effects that ensue mote frequently are 
limited to thoee of a minor nature that would not be considered unacceptable by 
the expoaed individual and by competent medical authorities. 

Any severe somatlo injuries (e.g., leukemia) that might result from exposure 
of individuals to the permissible doee would be limited to an exoeedingly small 
fraction of the exposed group; effects suoh as shortening of ilfesnan, which might 
be expected to oceur more frequently, would be very alight and would likely be 
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hidden by normal biological variations. The permissible doses eao therefore 
be expected to produce effects that could be detectable only by statistical methods 
applied to large groups. 

Dr. K. Z. Morgan bad this to offer: 

For the present time levels of maximum permissible exposure of the population 
it large to ionising radiation must be based on estimations involving extrapola* 
lions over two to three orders of magnitude below the experimental data that can 
be considered to be statistically significant. For the present it is safe only to 
tMiime that types of radiation daman, such as genetic mutations, leukemio 
incidence, and shortening of lifespan, increase to some extent with any increase 
in dose taking place at any dose rate following any accumulated dose, vis, there 
! it no threshold. However, it certainly would be ultraconservative — and at 
! least, with respect to gonotio mutation, it would be Incorrect— to assume a linear 
relationship between dose and effect all the way from high chronic doee rates of 
400 rad per 30 years to background dose rates of about 4 rad per 30 years." 

In discussing tho values selected for the “maximum permissible 
concentrations" (MPC)** of particular isotopes in water, food, and 
sir, Dr. Morgan noted that the MPC for cesium 137, which is de- 
posited in tho soft tissue of the bodv and creates genetic effects by 
virtue of its gamma radiation, is only about onc-linlf os largo as it 
could be if it wero the only source of genetically effective radiation. 
But allowance is made for the prcsenco of other isotopes in the fallout 
material that contribute to the total dose to the gonads. 

This reduction is not made for materials such &s strontium 90 
which deposit in tho bono and do not contribute to the genetio 
effect. Thus, the valuo for strontium 90 represents the concentra- 
tion of that isotope in water which, if ingested for a lifetime, would 
not accumulate more than 2 microcuries of strontium 90 in the skelo- 
ton heforo death. 

ft was pointed out that if an allowance is to be made for the presence 
of short-lived isotopes with which the strontium 90 may do asso- 
ciated, tho MPC would have to be reduced, possibly in half, to allow 
for the contribution of these other isotopes. This figure would then 
have to be divided by 30 to use tho ICRP figure in practice, when 
applied to food and water concentrations. 

New recommendations regarding exposures to radiation and radio- 
active materials have been developed since 1957. Certain changes 
should ho pointed out: 

1. The occupational maximum permissible amount of strontium 90 
which could bo deposited in the human body was raised from 1 micro- 
curie in 1957 to 2 microcuries in 1959. Tliis limit is based on direct 
measurements of tho radiation toxicity of strontium 90 in animals fed 
on diets containing this isotope, not on the doso to the hone marrow 
resulting from this deposition. 

2. The population maximum permissible body burden, expressed in 
terms of micromicrocuries of strontium 90 per gram of bono calcium, 
was considered to ho 100 strontium units in 1957, giving a bono mar- 
row radiation exposure rate of 280 milliroentgons per year as compared 
to a natural background exposure rate of 100 to 150 milliroontgens 
per year.** Tho corresponding values in 1959 are considered to bo 
(a) 67 strontium units, giving a bono marrow exposure rato of 188 
milliroontgens per year, for the goneral population, and ( 6 ) 200 stron- 

* Dr. Morton notes that U» M-jrear Interval U • convenient period lor considering genetic damage to 
fern become tho overact father* and mother* ban begotten hair their children bjr this ace. The rad re* 
fared to tea unit of abeor bed doee, uaedai ameMurt of the enerfj absorbed in tlaue per unit mm of 
fcftduttd teue. 

" For a definition of "MPO”, m p. ». 

* A tnUliroenWreo b ft thousandth of ft roentgen* 



20 


FALLOUT FROM NUCLEAR WEAPONS TESTS 


tium units giving a bon* marrow exposure rate of 660 milliroeutgcus 
per year, for limited sized populations in the vicinity of a controlled 
radiation area, (The above voluos are based on recent ICRP recom- 
mendations.) 

8. The MPO’s for other isotopes are not based on direct measure- 
ments of toxicity, but are computed on the basis of exposure to tissue. 
Therefore, tho "standards” are not directly comparablo. 

Additional points that wore brought out in the hearings include tho 
following: 

1. Witnesses stressed that in relating published MPC values for 
water and air to measured concentrations of strontium 00 in food mid 
milk, it is the total intake averaged over some time period such as a 
year, not tho amount in any ono sample of food, that determines the 
significance of the measurement. 

2. The ICRP and NCRP recommendations wore derived for 
guidance and application to the nuclear industry over which close 
administrative control is exercised in matters of radiation protection 
and where individual employees voluntarily accept certain risks. 
Presumably, these recommendations wero not designed to cope with 
continuing uncontrolled environmental sources such as those pre- 
sented by fallout, over which tho individual has no choioo or control. 

8. The standards do not (and cannot) sot a lino which is "safe” on 
one side, and "dangerous” on tho other. 

4. Application of the standards requires selective adaptations to 
allow for the contributions of short-lived material when they are 
significant, for other sources of radiation, transient exposures iu excess 
of tho standards, and other practical matters. 

6. No agreement at all was readied on whether the standards 
should apply to population averagos, to peak values for individuals 
os they uo in occupational exposures, to individual materials, or to 
average diets. 

It is apparent that very little, if any, progress has been made since 
1057 in tno development of operational information of this kind 
involving standards, methods of application, and criteria for decision 
in tho management of environmental radioactivity, including that in 
food and water supplies. Tho need for development of such informa- 
tion was noted and documented in tho summary analysis of the 1057 
hearings, 

"hot spots” and worldwide fallout 

Testimony and material submitted for the record confirmed that 
worldwide fallout is not uniformly spread over tho areas of the ground 
on which it deposits. One of the resulting phenomena is the creation 
of so-called "hot Bpots” which may encompass many square miles, 
such ns a countv, a milkslied, or a State. Such areas may bo consid- 
ered to exist wliore there are concentrations of radioactivo material 
which lead to an external radiation doso two or three times that found 
in an adjacent area or strontium 90 concentrations in the soil two or 
three timos that in adjacent aroas. > "Hot spots” are formed when 
an air mass containing a relatively high concentration of radioactive 

{ >articles is associated with the deposition of rain. The water droplets 
orming the rain will tend to form around particulate matter in the 
air and carry it down to the ground. 

The highest concentrations of radioactive material may be expected 
in the clouds from recently detonated devices. Therefore, "hot spots” 
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are most, clearly obsorved in (be United States during the course 
of operations at the Nevada test site. Because of the vory young 
ago of this tropospheric debris, such "hot spots" are relatively high 
both in short-lived gamma-emitting radioactive materials and in the 
actual concentrations present. The areas tend to be relatively small 
and sharply defined bocause the clouds have not vet had time to 
diffuse. An example of this condition is shown in figuro 2 " on 
fallout in North Dakota in 1957 fsoo p. 22). 

From this figuro it can be soon that although a rainfall occurred ovor 
North Dakota on July 14, 1957, there was no appreciable quantity of 
radioactive material in tho air at that tinio and no fallout is recorded 
for that dnto. On July 15, shot Diablo was detonated at the Novada 
tost sito. By Julv 16 a portion of the cloud had traveled northeast- 
ward from Novaua over North Dakota, and as it was passing over, 
a relatively heavy rainfall occurred. Tho resulting deposition of 
radioactive dobris was reported by Dr. Pfeiffer to bo quito high 
(22 millicuries per square mile)." 

Tho month following this deposition an increase of tho strontium 
90 contont of milk in the area of Mandan, N. Dak., was observed. 
Milk levels during this period exceeded 30 micromicrocuries of 
strontium 90 nor gram of calcium. Since that time, tho strontium 90 
content of milk in that area has stoadily declined to a lovol less than 
23 micromicrocuries. This observation indicates that some of the 
strontium 90 entering the milk supply immediately after tho heavy 
deposit was taken in diroctly by cows and did not go through the sou 
into tho forage before boing ingested. 

Givon tho mechanism by which radioactive particlos aro romoved by 
rainfall from the tropospherio portion of tho atmosphere, it would be 
prodioted that whore a cloud possos over a particular area during a 
dry poriod, very little of tho material would do romoved. Thus, the 
requirement that both a high concentration of radioactive particles 
ana rain deposition must occur simultaneously is consistent with the 
correlation botwoon shot dates, rainfall, and strontium 90 deposition 
aeon in figure 2. 

"Hotspots" from worldwide fallout would normally be expected to 
be less striking than the example shown in figure 2 because the fall- 
out material is more evenly distributed throughout tho atmosplicro 
under thoso conditions. Consequently, tho peak intensities for "hot- 
spots" from worldwide fallout should be more nearly uniform and 
could be expooted to vary by perhaps two or throe times the average 
deposition. 

The heavy injootion of radioactive material into tho stratosphere 
during 1958 resulting from tho U.S. Hardtack sorios and the U.S.S.R. 
October serios, ooupled with the fAot that this material will return to 
the earth with a mean residence time of 1 to 2 years, would lead to 
the expectation that during 1959 and 1960 the average radioactivity 
concentration in the tropospherio air of the Northorn Hemisphere 
will be higher than the concentrations which were prosont during the 
poriod of 1954-57. There is, therefore, a high probability that more 
sharply fluctuating depositions of radioactive materials will occur 
during this period. 

* Taken from “Son* Aspects of RadtoaoUrt Fallout tn North Dakota," S. W. Pfeiffer, North Dakota 
Quarterly, autumn, IMS, contained tn the printed heartnw, 
r (Sea lootnote abort and ABO totter to the Joiut Committee, dated May 13, lose, tn the printed hear* 



Fig. 2 — Sr-90: Fallout and Precipitation, North Dakota 
( Prepublication Report, Health and Safety Lab,, USAEC.) 
(Only fallout above 0.2 millicuries/sq. mile is graphed) 
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Similarly, moro frequent transient increases in the radioactivity 
coutent of foods, vegetables, milk, and water resulting from tins 
freshly deposited material eon be anticipated. Whother or not the 
actual quantities of radioactive material will reach levels compa- 
rable to that of the naturally occurring radioactive materials has yet 
to be determined. 

No evidence was submitted to tho hearings about the frequency of 
occurrence, size, and relative activity levels of “hot spots." Judging 
from the information presented, there is no reason to believe that 
the existence of such “Lot spots" at currently known lovels of radio- 
activity constitute an overt hazard to individuals within the areas 
concerned. In fact, the trend of the testimony appeared to indicate 
that local “hot spots "have no special significance to individuals so long 
as criteria aro used which have meaning only in terms of a largo 
population. Examples of such criteria are genetic consequences and 
somatic injuries which are reflected by a change in the incidence of a 
particular diseoso. However, tho manner in which the fallout level, 
area, and population should be related for different conditions was 
not discussed, and tho whole subject matter needs further examination. 

For example, in using a population criterion for a radiation event, 
a dose of 0.1 roentgen affecting 10 million people would be considered 
to be equivalent to a dose of 10 roentgens affecting 1 million people. 
Does a similar relationship apply to fallout levels, areas affected, and 
the population of those areas? How high does a fallout lovel have to 
be bofore it is considered a hot spot? Is this level related to the num- 
ber of people, tho number of and lovel of hot spots, or somo other 
factors? 

The answers to thoso questions aro all related to the practical 
application of radiation protection criteria on the basis of effects on 
a population instead of on individuals. From testimony presented 
at the hoorings it is apparent that practical mothods for the applica- 
tion of such radiation protection criteria have not yet been dovelopod. 

SHORT-LIVED ISOTOPES 

Tho testimony made frequent reference to the presence of short- 
lived isotopes in worldwide fallout, reflecting the moro extensive 
measurements which have beem made of them since 1957. The 
shorter residence time for fallout in tho stratosphere (j>. 12) surcosts 
that short-lived isotopes should be more abundant in the fallout 
than would have been forecast 2 years ago. 

A long-lived radioactive isotope will continue radioactive dis- 
integration of its atomic nuclei for a long time. For instance, a given 
amount of strontium 90 (with a half life of about 28 years) will bo 
disintegrating at about one-half of its initial rato 28 years later, at 
one-fourth of its initial rate 56 years later, and at one-eighth of its 
initial rate 84 years later. In 84 years, furthermore, about soven- 
eighths of the original number of atoms would have already decayed. 

In other words, about seven-eights of the possiblo total dose (to the 
surroundings absorbing the radiation) would have been delivered 
during the 84 years and the dose rate would be about one-eighth of 
the original dose rate. 

For a short-lived isotope such as strontium 89 (half life, about 
51 days), the radioactive material will be disintegrating at one-half 
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it initial rate 51 days later, at one-fourth its initial rate 102 days later, 
and at one-eighth its initial rate 153 days (half a year) later. 

Comparing the long-lived strontium 00 isotope with the shortlived 
Strontium 89 isotope, it is found that — 

(а) Since the two isotopes are chemically similar, they can bi 
expected to behave similarly in the metabolic uptake into man'i 
body and to behave similarly in the body. (This situation does not 
necessarily hold for all other isotopes). 

(б) To deliver the same total dose to the body, the initial numbers 
of atoms of strontium 89 and strontium 90 would have to be equal 
and tho characteristics of the radiation from the two materials would 
have to bo alike. Tho radiation characteristics are not, however, 
alike. 

(c) When the initial number of atoms of strontium 89 and strontium 
90 are equal, the relative initial “activity” levels would be such that 
the strontium 89 activity (i.e., disintegration per minute) would ba 
many times greater because of the differing decay rates, as discussed 
below. 

(i d ) Since strontium 89 is produced more abundantly in fission than 
strontium 90 and sinco “fractionation” may further increase the rela- 
tive abimdance of strontium 89 to strontium 90, it is possible that 
comparable doses to the body from the two materials could occur. 

These relationships are illustrated in chart 1. It can be seen that 
tho dose delivered by the long-lived materials, represented by the lower 
dark-shaded lino, is cumulative on repetition (i.e., repeated testing). 
By contrast the shorter-lived materials, represented by the lightly 
shaded area, would have decayed away and this segment of the dosa 
would be replenished on such repetitions. 


Chart 1 



^LUSTRATION or DO if RATS AMD TOTAL DOSS FROM SHORT- LIVID AMD LONG- LIVID BOTOP0 

Assumption: tho two iaotopaa art chemically and biologically identical li 
behavior, duferlag only in radioactive decay lifetime* 
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For this reason it would require 100 times more initial activity of 
strontium 89, whose half life is 56 days, to deliver the same doso to 
tissue than would be created by 1 unit of strontium 90. It is con* 
lidered significant that transient levels of strontium 89 with approxi- 
mately this ratio to strontium 90 have been observed in milk, in this 
case, strontium 89 would follow the same path in going through the 
food chain that strontium 90 does. 

It can be seen that, under certain conditions, cumulative doses 
comparable to any fixed dose rate such as the natural background 
rate can be developed from exposure to short-lived radioactivo mate- 
rials, even though the exposure due to long-lived materials may be 
onlv a few percent of natural background. 

therefore, if it is assumed that exposure to dose rates comparable 
to background (or comparable to any other stated level) is the basis 
on which the significance of radiation exposure is to be evaluated, tho 
frequency of the appearance of the short-lived materials determines 
their significance, oven though their relative hazards are much less 
than those due to the long-lived material. In this connection, U.S. 
Public Health Service representatives noted that it was entirely pos- 
sible that in their measurements they might encounter concentrations 
of short-lived materials such as iodine 131 in food supplies which could 
be high in relation to the “maximum permissible concentration” of 
iodine, but which over a long period of time would constitute only a 
small fraction of the potential doso delivered by the fission product 
mixture. 

Although the evaluation of the relative hazards due to short- and 
long-lived material was not questioned, the propriety of ignoring the 
short-lived isotopes in the practical application of Public Health 
standards was questioned. It logically follows that when the rela- 
tive hazards of the radioactive materials are used as the basis on 
which to evaluate the significance of worldwide fallout, the conclusions 
have meaning only in terms of the population as a whole and over a 
long time period. There is no apparent correlation between this 
question and the question of whether or not the radioactivity content 
of some particular material at some particular time is, or is not, above 
some value such as an MPC. 

The testimony presented to the committee makes it evident that 
the manner in which radiation protection standards should be applied 
in practice to environmental radioactivity affecting large segments of 
the population needs clarification and that further effort is needed to 
develop practical means for carrying out such applications. 


Tabus 4 . — Half lives of important short ■ and long-lived radioactive isotopes in fallout 


Isotope 

Half Ufe 1 

10 half lives » 

1 Isotope 

Half life i 

10 half lives • 

Iodine 131 

Barium 140 

Strontium 89 

Zirconium 95 


80.5 dsya, 
128 days, 
510 day*. 
583 days. 

Cesium 144..~«. 

Strontium 90 

Cesium 187 

Carbon 14 

j^g| 

1900 days. 
280 years, 
IOO years. 
50,000 years. 


1 The half life It the time it takes one half the radioactivity to disappear. 

* 10 half lives is the time It takes for 99.0 percent of the radioactivity to decay. This may be considered 
as the total tlmcspan o\cr a lilch the radiations from the isotope arc effective. 
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FORMATION, DISTRIBUTION, AND BIOLOGICAL SIGNIFICANCE OF 

CARBON 14 

The implications of carbon 14 were discussed briefly in the oral 
testimony of the hearings, but were treated at some length in submitted 
papers. The information presented suggested that the long-term 
genetic and somatic effects of carbon 14 ana fission products from test- 
ing to date ** may be approximately equal. The fact that carbon 14 
is produced in approximately equal amounts by neutrons emanating 
from both the so-called clean and dirty types ** of devices, suggests 
that the long-range carbon 14 hazards under conditions of nuclear 
weapons testing may bo essentially the same for either “clean" or 
“dirty" woapon types. The auostion of what practical significance the 
hazard has is a problom which is still subjoct to a number of interpre- 
tations. 

Production and distribution of carbon 14 

Carbon is one of the most important constituents of our environ- 
ment. All living things build their bodily materials from components 
containing carbon as a fundamental part of their structures. Plants, 
through the process of photosynthesis, extract carbon dioxide from 
the air and convert it to complex organic materials. Carbon 14 
produced by the action of cosmic rays on nitrogen in the atmosphere 
is an essentially constant component of this atmospherio carbon 
dioxide. 

Carbon 14 is also produced by weapons through the action of neu- 
trons on nitrogen in the atmosphere and appears as gaseous carbon 
dioxide. For an understanding of the relationship of these two 
sources of this isotope, it is useful to examine the actual quantities 
of natural and artificially produced carbon 14 in the atmosphere, 
in plants, in the ocean, and in other ports of the environment. 

dosed on information provided to the committee, the following 
picture emerges: 

1. The total carbon 14 in the dynamic reservoir (atmosphere, ocean, 
and terrestial biosphere) was estimated to be about 44.3 tons before 
testing began. 

2. As of March 1958, the total number of carbon 14 atoms produced 
by the testing program N and available to the worldwide inventory 
was estimated to be about 0.23 to 0.27 tons of carbon 14 distributed 
approximately as follows: 


9>m 

Stratosphere........... 0 . 160 

Troposphere 0.080 

Ocean ft 020 

Terrestial biosphere 0. 004 


Total 0. 265 


8. The amounts produced in the most recent U.S. and U.S.S.R. 
series has been estimated at about 0.29 tons in the atmosphere, raising 


* This statement should not be taken to Imply that carbon 14 and fission products have inherently equal 
effects for equal amounts produced* since changing the test conditions (e-g., high altitude) could change 
this relationship. 

* “Clean” and “dirt/” refer to the relative amounts of thermonuclear and ffesios yields* respectively, 
to the total weapon yield. 

» Estimated at l4 kilograms of carbon 14 per megaton of nuclear yield and assuming that about two » 
thirds was returned to the ocean as insoluble calcium oar bona te to loom fellout. Note that this Is a function 
of the testing conditions. fAter estimates released in June by Dr. Maofata In the Joint Committee hearings 
on biological and environmental effects of nuclear war* give the figure of 4 kilograms of carbon 14 per megaton 
el total yield with « range of 8 to • kilograms of nnrbon 14 per megaton of total yield* 
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the total inventory in the dynamic reservoir at the present time to 
about 0.56 tons or carbon 14. On this basis, it has been predicted 
that a transient increase in bomb-produced carbon 14 will be ob- 
served with the contribution per gram of carbon reaching a level 
equal to 50 to 75 percent of the caroon 14 produced by cosmio radia- 
tion. Thus carbon 14 activities at the level of 22-24 disintegrations 
per minute per gram of carbon should be observed in the atmosphere. 

4. When total mixing with the dynamic reservoir has been achieved, 
the total carbon 14 should bo increased from 44.3 tons to 44.9 tons, 
or an increase of about 1.25 percent in the carbon 14 content of the 
dynamic reservoirs. This condition will eventually be reached, if there 
are uo more tests. 

5. If additional tests are conducted at a rate which is faster than 
the mixing time, the carbon 14 content of air would be expected to 
iocrcuse in direot proportion to the total yield detonated. This 
vould be particularly evident if moderately high altitude tests wero 
conducted so that all of the carbon 14 is originated in the stratosphere. 

6. Only about 10 percent, of the carbon 14 produced by nuclear 
weapons testa up to March 1958 had entered the oceans at that time. 

7. In order to account for the distribution of weapon-produced car- 
bon 14 between tho hemispheres, there must be a rapid enough hori- 
zontal mixing so that either the stratosphere, tho troposphere (or 
both) are mixed with a mean time of less than 2 years. 

8. Differences within one hemisphere appear to be related to local 
dilution with carbon dioxide, whicn is deficient in carbon 14 os com- 
pared to tho natural equilibrium level in the atmosphere. 

9. Critical factors to be determined are the residence time of gas 
molecules in tho stratosphere, and the rato of mixing between surface 
and deep oceans. 

10. Tno time interval between the incorporation of carbon in foods 
and the consumption of that food is less than 1 year. 

11. The maximum timo that the carbon 14 concentration in blood 
lags behind the concentration in food is about 6 months. 

12. The carbon of lung tissue has a somewhat longer residence time 
than that of blood. 

Additional questions needing investigation are: 

(а) To what extent docs carbon dioxide from decaying plants enter 
growing plants? 

(б) To what extent can variation in the diet affect the lag time? 

(e) What is the mean residence time of carbon in human soft tissue 
and in human bones? 

Biological significance of carbon 14 

Whereas most radioisotopes ingested internally cause potential 
biological damage as the result of ionization in tissue produced by the 
absorption of their radiations, carbon 14 could cause damage in two 
additional ways: 

1. The recoil of tho nucleus of the atom from the force of the ejected 
electron is strong enough to break tho chemical bonds of the organic 
compound of which that particular atom was a part. 

2. As tho result of radioactive decay and tho loss of an electron 
from the carbon 14 nucleus, the carbon atom becomes a nitrogen atom. 
Since the function of living material is dependent on tho chemical 
configuration of the complex organic compounds, particularly in the 
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eon 03, cither event could cause a deleterious mutation of cells in tke 
body. 

Thero was marked disagreement among the contributors to the 
hearing regarding the relative importance of the gonetio effects pro* 
duced by ionization as compared to the so-called recoil-transmutation 
mechanisms. For example, Dr. Pauling concluded that the dominant 
effect was duo to the ionizing radiation whereas Totter, Zclle, and 
Hollister concluded that the recoil-transmutation effect was essentially 
equal to the ionization effect. 

Tho genotic injury from both weapon-produced carbon 14 and fission 
products occurs at the moment tho genetic moloculo is affected as the 
result of absorbed radiation. The actual effect docs not appear until 
this particular gene is found in either tho sperm or ovum at the time 
of fertilization. This event may occur several generations after tho 
initial injury. Tho subsequent discussion will considor only tho rela- 
tionships of doso and timo concerned with the introduction of tho 
initial injury. 

Most of the injury duo to fission products will bo initiated within 
a iiO-yoar period. By contrast, after the iuitial transient increase in 
atmospheric carbon 14 is post, half of the remaining carbon 14 injuries 
will bo introduced over a period of 5,000 years; 75 percent in 11,200 
years, and so on. 

However, since tho samo genetic effect is ultimately expected to 
result from the samo dose if tho population is assumod to remain 
approximately stable, it is useful to comparo tho total dosos ultimately 
expected from weapon-produced carbon 14 nnd fission products and 
comparo theso numbers to tho natural background. 


A/un- 

tvnttnt 

Total fallout genetic doso (from aim. A) {0 

Total wtm|xm-pro<luccd carbon id (computed on the basis of 25X10” 

atoms) 135 

Natural carbon'14 doso rato (from Dr. Libby) ..........(per year).. 1.5 

Total natural background doso rato (from app. A) (per year).. 100 


From those data, tho following comparisons can bo mado: 

1. Tho eventual genetic effect over moro than 10,000 years resulting 
from weapon-produced carbon 14 is expected to bo about twico that 
of tho fission products, or about four times greater if an equal effective- 
ness of transmutation nnd recoil is assumed. 

However, it should bo noted that most of the initial injuries duo to 
fission products will bo caused in 30 years, whereas only half of the 
initial injuries from carbon 14 will bo caused in 5,600 years. 

This typo of consideration leads to tho conclusion that whereas the 
rclntivo effects of carbon 14 and fission products aro approximately 
equal, tho initial injuries from carbon 14 arc created over such periods 
of time that tho continuous irradiation from natural sources will have 
much greater biological consequences. 

2. Tlio biological effects of carbon 14 aro subject to all of tho quali- 
fications and uncertainties already discussed (p. 16), for tho biological 
effects of low-lovel radiation in general. Additional uncertainty is 
introduced concerning the significance of the so-called recoil-trans- 
mutation effect, mentioned above. Further uncertainty surrounds the 
relative hazard of carbon 14 and fission products, because of the differ- 
ent time periods involved. 
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This question remains unresolved in the absence of suitable criteria 
(or value judgments. Further consideration of this question appears 
| to be needed. 

K6T1MAT1NO THI CONSEQUENCES OF PAST AND FUTURE TESTING 

Before the hearings started, the committee requested a panel of 
I ipccialists to meet and review predictions of radioactive contamination 
I in tho environment and in man. The report of this panel in its en- 
tirety is includod as appendix A to this report. 

The estimates wore mado in terms of expected levels of strontium 
DO in the world’s population, as well as the U.S. population, and the 
doses of external radiation based on tho cesium 137 deposition, which 
could be expected to produce genetic effects. Allowance was made 
for the uneven deposition of fallout in latitudinal bands, but not for 
I local variations such as "hot spots." The numerical values were 
derived from average lovels of deposition on the ground, tho resulting 
irerago oxternal radiation dose, and the resulting average deposition 
of strontium 00 in the bone that would be expected from the average 
deposition levels. 

The estimates provided for major differences in dietary habits by 
sting a population weighted average (i.o., taking into account the 
number of people with a particular dietarv pattern). Tho results 
predicted that the average concentration of strontium 00 in human 
bone would reach its maximum value in the period 1002-65, from 
weapons testing already carried out. Eastern peoples, subsisting 
largely on a cereal diet, will receive concentrations twice as high as 
Western peoples whose diet contains a larger proportion of dairy 
products as its calcium source. The predicted U.S. averago valuo of 
4 strontium units (S.U.) is higher than tho predicted average for 
Western populations (6 S.U.) because the United States has more 
deposition than the average within its latitudinal band. (This is 
I generally attributed to operations in the Nevada tost site rather than 
to uneven global deposition of stratospheric debris.) It is lower than 
the predicted average (8 S.U.) for populations within the 20°-60° 
north latitudinal bands, despite its larger deposit, becauso of the large 
lumbor of Eastern peoples within this land area and the effect of the 
Eastern diet (see p. 30). 

The effects of future tests can be predicted If the future test pattern 
k known, or if a policy related to fallout effects exists to guide it. 
Sues neither requirement can be met, the predictions were made 
mi the assumption that the test pattern of the past 5 years would be 
npeated in successive 5-year cvclos indefinitely into the future. 
Grontually a steady stage would be reached where stratospherio 
material would be falling out as fast as new material was injected; 
ndioactive products deposited on the ground would bo lost by radio- 
utive decay as fast as now material is deposited; and the radioactivity 
tonccntrations in tho different reservoirs, including bone, would go no 


I According the panel’s report, tho predicted concentration in 
bone shoula be multiplied by 1.8 to determine the consequences of one 
^petition of tho cycle, ana by 8 to determine the maximum steady 
date level reached after 40 years. When these calculations are 
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carried out, the predicted futuro average strontium 90 bone levels ia 
the U.S. population are as shown in table 5 below. 

The radiation to the bone marrow resulting from strontium 90 
deposition from teste to date was estimated to be 0.2 to 0.4 r.e.m. 1 
over a 70-year period, assumed to be a normal life span for the popula- 
tion. This would increase the radiation exposure over that received 
from natural background by about 3 to 6 percent. The corresponding 
value resulting from continuous testing would be 1.6 to 3.2 r.e.m. is 
70 years, but this rate would not be reached for 40 years. This 
would increase the radiation to the bone marrow by 26 to 36 percent 
over the natural background rates. 

The U.S. average value of 48 strontium units (S.U.) resulting from 
repeated testing (see table 6) is close enough to the accepted maximum 
body burden recommended by the ICRr (67 S.U.) to suggest thsti 
hazard to the world's population could dovelop at theso concentration! 
Since the initial value of 6 strontium units might be either too high 
or too low by a factor of 2, these predicted levels of 48 strontium uniti 
might dovolop earlier or might not be reached at all. 

Tahlr 8 . — PrtdicUd amags Sr* equilibrium bone levels corresponding to am oja 
manmum deposition from t ttapons tests to date 


Mlcromtcrocuri# C» 


Ration and typo of population 

Tests to dsts 

After 1 re pe- 
tition 

After roaaj 
repetition 

U.R. avfnure 

a 

11 

1 E 

JO* to 00* N\: 

Avrnwii ............ 

ii 

14-1* 


\V isfrru eiTliifattoa. 

• 5 

* 


Extern rlv li lia lion 

• 10 

It 


Work! average, weighted - 

•7 

IM3 

■ 


i Weighted by both population and dipt. 

• M ilk constitutes major sources of raicium tn diet, 

• Plants ooojtitut# major source of calcium la diet. 

Courts; JJsvaJopsd by Joint CommiUsi at the bearings. 

Similar considerations apply to estimates of tho genetically effective 
external radiation dose which was estimated to roach a level of 0.05 
roentgens or an increase of 5 percent over tho naturally occurring 
radiation rate. Under the steady state condition which would be 
readied in 40 years, tho oxtcrnal radiation would be 0.4 r.e.m., or aa 
increase of about 10 to 13 percent over the naturally occurring rate 
(3 roentgens). 

There are, however, certain deficiencies in this analysis which were 
pointed out, the implications of which should be recognized. Tha 
most important ones aro: 

1. In any treatment based on average values, it must be recognjzed 
that definite fractions of the population will have bono concentration! 
both above and below this average. Tho actual distribution of either 
tho deposit or tho resulting levels of strontium in bone is not knows 
with sufficient accuracy to determine what tho range might bo. IIow* 
ever, it was estimated that "significant" fractions of the population 
would liavo bone levels 3 times (18 S.U.) to 6 times (30 S.U.) the average 

« Hortitttti equivalent min: That quantity of tonkin* radiation which wb«i tbaorbod by man prodflfl* 
an affect equivalent to tho absorption by men of 1 roentgen of X or famma radiation. 
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(6 S.U.); ft few might even have 10 times (60S.U.) the average, based 
on tests to date. 

2. Continued testing would, therefore, lead to ft condition where a 
small, but unknown, number of persons could have strontium 00 bone 
levels as high as 600 strontium units.” 

3. The estimated dose to the bone marrow, and the external radio* 
tion dose, do not provide for sources of radiation other than strontium 
90 and cesium 137. This is not considered too significant if no more 
large-scale atmospheric tests are conducted. However, under a pro- 
gram of continued testing, the short-lived isotopes become much more 
important as contributors to the yearly radiation exposure levels. 

4. A population weighted exposuro estimate, to recognize the non- 
uniformity of fallout deposition, should bo considered in connection 
with the “hotspot” problem since this problem could develop greater 
significance under conditions of continued testing. 

WATS or nEDUCINO WORLDWIDE OR OFFSITE FALLOUT 

Dr. Libby read a prepared teclinical statement describing alternate 
ways of reducing worldwide fallout. The statement is attached as 
appendix B. 

The sense of tho ensuing discussion showed that the amounts of 
fallout could be varied over exceedingly wide limits by varying both 
the yield and conditions of detonation (including location). 

Four methods and their status were noted as follows: 

1. Underground: Somo tests have been made. Radioactivity can 
be almost totally confined in the melted rock. Feasibility dictates 
low yield devices. 

2. Surface land: Good experience. About 80 percent of the debris 
con bo deposited and mado unavailable by local fallout. Adaptable 
to any yield. 

3. Surface ocean: Good experience. About 50 percent can be 
pulled down by local fallout. The local fallout debris is more soluble 
than that from land detonations. 

4. Space: Little experience. Prediction is that as much as 60 per- 
cent will come into the stratosphere at low distances (a few hundred 
miles) but this might be reduced to 0.1 percent at 60,000 miles. 

Underground or space tests could be adapted to weapons develop- 
ment functions. Military effects tests can be conducted with surface 
or space detonations, depending on the function. 

It is clear that the problem of worldwide fallout is dominated by 
atmospherio detonations of large yield devices. In this connection, 
the potentiality of conducting military effects tests with low yield 
devices was discussed briefly, together with the possibility of detona- 
tions under ground. 

* This eta bo compand to tbo 67 i.u. tahw moommondod br tho 10RP aa a standard for application to 
• (toon! population. In ivaluaUnf lb* sfenlflcanoo to an Individual, tt should bo noted that tbo tCRP 
Koomoondod standard Is 1400 s.t>., ncocnUlof that this Is intended ss so occupational stposuro standard. 




IV. Government Program and Organization 


At the conclusion of the 1957 hearings the subcommittee recom- 
mended a stepup in the AEC research program on fallout and a 5-year 
expansion program was formulated within the Commission. While 
there has been some acceleration of effort in the ensuing 2 years, 
particularly with regard to fallout sampling and analysis, the pro- 
gram as a whole has not received the high level administrative sup- 
port and impetus which it needs and merits. This is true not only 
for the AEC but other interested agencies of the Government as well. 

At the present time, about $2.5 million a year is being spent by 
the AEC Biology and Medicine Division on fallout sampling and 
analysis and about $18.5 million on research relating to the develop- 
ment of radiation protection standards. Much of this work is con- 
ducted in the national laboratories and in some 200 universities 
throughout the country. This latter amount, it should be pointed 
out, covers research work whose results have wide application through- 
out the biology and medicine program and does not pertain to fallout 
atone. 

At the same time, other Government agencies are engaged in 
monitoring and research work in the fallout field. The Public Health 
Service, for example, has a modest environmental contamination sur- 
veillance program amounting to about $600,000 a year, including 
analysis oi food samples from various parts of the country for radio- 
active content. Part of this program is financed by the AEC. The 
Food and Drug Administration is engaged in similar activities on a 
smaller scale. The Department of Defense is currently spending 
about $3 million a year for the high altitude sampling program ana 
about $9 million a year for laboratory research. 

For fiscal year 1960 the Atomic Energy Commission expects to in- 
crease expenditures for its sampling program to about $3.5 million 
and increase the research program in radiation biology to about $21 
million. In addition, the Jomt Committee has increased the AEC 
budget request for construction of facilities such as animal shelters 
from $2 to $3 million to assist in moving the program forward. 

These increases are a step in the right direction but must be accom- 
panied by improvements in the present program and organization, 
including adequate staffing of the Biology and Medicine Division to 
meet the reauirements of an expanding program. 

Aspects of the fallout program requiring particular attention are: 
'hot spot" areas: further declassification of information and publica- 
tion in a useful form; the development and application of standards 
for maximum levels of exposure; and better coordination among re- 
sponsible agencies of government in determining and controlling en- 
vironmental radiation hazards. 

In view of the mounting publio concern over the "hot spot" area 
problem and the apparent lack of comprehensive information on theso 
areas and their significance, the subcommittee believes it desirable 
that the AEO, in cooperation with the Publio Health Service, institute 
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an accelerated investigation and surveillanco program as soon as prac- 
ticable to dovclop tbo necessary information for a sound evaluation 
of the problem. 

With regard to declassification and dissemination of information, 
the committee behoves that a more systematic approach is needed 
whereby pertinent information becomes available periodically to the 
lay public. This is particularly important to acquaint the public 
with matters such as strontium 90 concentration in various areas and 
tho relationship of “hot spots” to population hazard. Availability 
of this information, written in understandable form, is essential to 
an adcauato public understanding of the nature and scope of tho fall- 
out problem. 

Coordinated information on fallout should be readily available on 
a regular basis from responsible executive agoncies. The committee 
notes with approval, in this regard, that tho Atomic Energy Com- 
mission is planning to issue quarterly summary reports on the fallout 
program. Such reports aro to be encouraged, together with other 
reports in the interim periods on matters of particular interest to 
the public and Congress. 

It is clear from the testimony at tho hearings that much research 
work remains to be dono in the development and particularly applica- 
tion of radiation standards governing the population os a wholo. The 
subcommittee notes that until very recently, neither the National 
Conimittco on Radiation Protection (NCRr/ nor the International 
Commission on Radiological Protection (ICRJP) had established such 
standards for the population as a whole. Evon in the case of the 
ICRP, which is tho only one of tho two that has made recommenda- 
tions on such standards recommendations havo been unclear in certain 
respects and are derived from standards developed primarily for occu- 
pational exposure rather than exposure of global populations. 

It is evident that greater research eflfqrts are needed by the AEC. 
together with tho Public Health Service, in the development of 
meaningful standards for population exposuro, not only from fallout 
but all other sources of radiation in the environment ns well. 

Along with this added research on establishment of standards, 
means must be found for applying these standards in practice. This 
is perhaps the greatest deficiency of all in the program at the present 
time and one which deserves concentrated attention, both by the 
AEC and other responsible Government agoncies. 

In the matter of determining and controlling environmental radia- 
tion hazards, particularly with regard to management or operational 
problems, there is a demonstrated need for better coordination of 
information and activities within the Federal Government. The 
subcommittee recognizes that this matter is tho subject of considerable 
discussion at the moment, both insido and outside tho Government, 
including a study by the Bureau of the Budget regarding responsi- 
bilities of various Federal agencies. It also recognizes that the 
question of assigning responsibility for research into environmental 
radiation hazards transcends the question of fallout alone. For theso 
reasons, it is not the intent of tho subcommittee to make recom- 
mendations at this time as to whore such responsibilities should lie. 

The subcommittee believes, however, that any action which is taken 
should be the result of a careful and objective analysis of what the real 
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problems are, which may well take further study and research. Once 
the real problems are clearly identified, then the government will be 
in a position to determine what specific action needs to be taken and 
where to fix responsibilities for such action. 

In the process, care should be taken not to impede progress in 
•listing programs which are contributing important knowledge about 
fallout problems. On the contrary, efforts should be made to supple* 
meat current programs with activities designed to fill existing gaps. 

Finally, it should be pointed out that the results of research into 
fallout radiation hazards have applications into many areas of biology 
and medicine which are not directly connected with the fallout prob- 
lem. Thus, even during a period of moratorium on further nuclear 
weapons testing, there is a continuing need and justification for a 
vigorous research program. The long-range results of this research 
may well have profound effects on the welfare of mankind and provide 
far-reaching benefits to future generations. 
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APPENDIX A 

Statement or 1059 Fallout Prediction Panel to Joint Committee on 
Atomic Enerot in Connection With Public Hearings on Fallout From 
Nuclear Weapons Tests, Mat 5-8, 1950 

Once again at the request of the Joint Committee on Atomic Energy a panel 
of specialists met to review predictions of radioactive contamination in the 
environment and in man. Many of the scientists who were present at the 1957 
hearings again participated. A list of the participants follows: 

Lyle T. Alexander, USD A. 

Allen V. Butterworth, AEC. 

Charles L. Dunham, M.EL. AEC. 

Gordon M. Dunning, AEC, 

Merril Eisenbud, AEC. 

Edward P. Hardy, AEC. 

John Harley, AEC. 

J. Z. Holland, AEC. 

Hal Hollister, AEC. 

Harold A. Knapp, AEC. 

Willard F. Libby. AEC. 

Lester Machta, U.S. Weather Bureau. 

Charles L. Marshall. AEC. 

E. A. Martel!, Air Force Cambridge Research Center. 

William Neumann, University of itoohester. 

J. Calvin Potts, AEC. 

A. R. Shubert, Lamont Geological Observatory. 

Walter Selove, University of Pennsylvania. 

Robert F. Reitemeier, AEC. 

Frank Shelton, AFSWP, DOD. 

James Terrill, USPHS. 

P. Tompkins, Naval Radiological Defense Laboratory. 

The present group was charged with the responsibility of evaluating the "status 
and implications or testing." 1 On the assumption that the final assessment of 
hazard must be made in biological terms and In view of the uncertainties in the 
transposition of low-level radiation into expected biological effects it was possible 
to ignore Bmail differences, alternate hypotheses, and alternate models. For 
example, for different assumed models of stratospheric distribution it was the 
similarities in predictions rather than the differences whioh seemed important. 

In this frame of reference an attempt was made to summarise the total inventory 
of fission products produced by test explosions to date. Despite the uncertainties 
having to do with many of the Individual testa being summated, the overall totals 
ten of a relatively high order of certainty. These totals are given in table I. 

Next, an attempt was made to estimate a rough material balanoe of the total 
™»ion products produced between (a) that deposited at or near the test sites, 

(o) that already fallen to earth as worldwide fallout, and (c) that still in the atmos- 
phere. There were several methods of approaching this problem. Direct 
measurements of the stratosphere an now available, fission product ratios permit 
estimates of fractionation, and finally, direct measurements of fallout on the test 
sites on various occasions have been used. Despite the paucity of data and the 
uncertainties of each approach the agreement was remarkably good and as a sum- 
mary the overall approximate distribution is given in table II. 

To translate these inventories of Si 4 * into terms whioh can be used topredict 
future bone levels of SH*, it is neoessary to summate two quantities: (a) Tne dis- 


1 An outline of ratyect natter to be couldend wes furnlehed the (troop by the Joint Commute*. 
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tribution of fallout already on tho ground and (b) the distribution of the ftaior 
product* still in tho stratosphere ana their probable future pattern on the ground. 

The first quantity is derived from actual soil analyses for Sr 80 . The scconi 
quantity, the distribution of fission products now in the stratosphere, is based or 
measurements too few and too uncertain (the Russian tests are of so recent an 
origin that only limited data are available) to eliminate some serious uncertainties 
in interpretation. Tho nml-1958 (the latest period for which completed measure, 
moots are available) stratospheric inventory according to latitudo is given in 
figure 1. It was generally agreed that the bulk of the airborne inventory will fall 
in the Northern Hemisphere with banding in tho North Temperate Zone at least 
a? nonuniformly as has occurred for the total fallout to date. As a first opproxi- 
motion, it seemed reasonable to conclude that the present stratospheric inventor)' 
when all deposited, will cause ground levels, worldwide, to doubfo thoso observed 
in Xo\eml>cr 1958. 

The estimated present (November 1958) and predicted ground levels are given 
in figure 2. The forecast made by Libby partitions fallout from pre-October 
195S stratospherio debris equally between hemispheres; Machta's prediction de- 
posits twice as much in the Northern as in the Southern Hemisphere. Both 
estimates keep all of the October 1958 Russian debris in the Northern Hemisphere. 
It should be noted that fallout in the United States may be 10 to 15 inc/mi , nigher 
than the predicted peak because of tropospheric fallout. The maximum cumu- 
lative levels of Sr 1 * * * * * * * * 10 are expected to occur in about 1062-05; Sr* decay to this 
dale has been included in tlic estimate. 

To convert ground levels to the concentrations expected in human bone several 
alternate approaches were possible; i.e., extrapolation of bone levels derived from 
known milk concentrations, a direct conversion of ground levels by experimentally 
determined discrimination factors, and direct extrapolations from actual bone 
analyses. Ail theso estimates of average maximum values to be expected from 
tests to date fell in tho range of about 5 to 10 ggc Sr*/go* for the population in 
the north temperate xones. Accordingly, only one method of prediction is used 
here. 1 1 * * * * * * 

Fetal bones from the Far East run a factor of about 2 higher than those from 
Western populations, supposedly a reflection of difference in diot (i.e., ratio of 
milk to plant calcium in the diet and the higher average ratio of Sr 19 to Ca in 
plants). It is necessary to weight, for population and dietary differences, the 
bone levels derived by multiplying deposition levels by the factor of 0.08 (which 
was derived on the basis of a W estern diet) in order to obtain average equilibrium 
bone levels for other populations or for the world. Average equilibrium bone 
levels corresponding to estimated maximum Sr* deposition as a result of weapons 
tests to date calculated in this way aro shown in table III. 

These values aro averages only and mako no allowances for individual variations 
ns a result of local variations in fallout, difference in physiological status, etc. 
The statistical frequenoy distribution of tho human bone values has, of course, 
been tabulated. However, inherent in these data are unusual problems of dis- 
tribution, sampling, and analysis, all of which tend to increase the variability of 
tho ol served values. For this reason it was believed unprofitable to try to 
express tho variability in precise statistical terms for this statement. 

In addition to considering future levels of Sr* contamination, the group also 
considered the current statue of gonadal irradiation of the world population. 
The fallout gamma dose rate in the North Temperate Zone may be expected to 
double in the next few years due to the deposition of cesium 137 now stored in the 
stratosphere. Estimates basod on current data, taking into account both short- 

1 The boos d»U of Kulp #1 a)., indicate an estimated equilibrium level to boos of tbs Western population 

between 20* N. and 00* N. as of January 19M, of 3 j*o 8r"/* of calcium. This estimate it oontfaont with 

other estimates derived from 8r"/Ca ratios in diet (Including mJlfc) —nmlng a discrimination ratio of 

0.26 in going from the diet to the bona. That is to say that the average Sr M /Ca ratio in bone at equilibrium 

will bo one-fourth of that raUo in the diet. As of January 1068 the average soil deposition Isvel In the north 

temperate ponolatfon belt (between SO* N. end SO* N. where SO percent of tbs world population lives) was 

SO mc/raR Dividing 8r*/g bona oaidum by SI ttc/nU* gives a factor of 0X8 jwo/g boos calcium per 

mc/tm *. MaJtlplJeaikn of any estimated soil deposition level (present or future) by this factor In the north 

temperate population belt will give the average equilibrium Sr" bone level for all populations whose dM 

corresponds to that of tbs M Western” populations. 

• This method uses the eeooept of mfreotl squib brtom eg a barfs of computation. Tbs equilibrium 

boos level is that level whioh should ultimately be attained If environmental contamination remain#* 

constant. With changing environmental levels the actual bona levels lag behind tho equilibrium value 

tn time; La., when environmental levels are rtrfng, bone levels will be I— than the mwMmnm value. The 

panel recognises that environmental contamination levels will not, If there is no further totting, remain 

constant. Nevertheless tor the 1962-06 period this computation should give a reasonable estimate of 

expected levels. 
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lived sa well aa long-lived debris, are In agreement with the forecasts of the U.N. 
Scientific Committee on the Effcots of Radiation. The worldwide external 


yean. The North temperate Zone gonadal dose may be taken aa 2H times the 
world average, or about 28 mrem. in 30 years, and to this another 28 mrem. in 30 
jean should be added for internal Ca 1 *. 

The estimated doaes to the populations In the immediate vicinity of the Nevada 
teat site have been revised in testimony submitted to these hearings. Theao 
corrections do not significantly change tho genetically significant dose to the 
population of the United States as a whole. 

The detonations prior to 1964 were such that the stratospheric Inventory in 
February 1964 may be assumed to have been small in relation to the debris 
already deposited. The doses observed by February 1964 therefore define the 
total to be expected from detonations up to that time. The upper limit of bone 
marrow dose from Sr* was estimated to have been approximately 0.4 mlllircp. 
per year. This is derived from the known Sr* contamination of milk in north- 
eastern United States as of February 1964. 

The panel, as a group, felt that no single or simple relation between radiation 
dosage and biological effect has as yet been established, particularly at tho low 
dosages to be expected from oif-site fallout. Therefore, no attempt was mado 
to oonvert the predicted concentrations of Cs ,n and Sr* into the number of 
tumors, cases of leukemia, genetio effects, and the like. The biological effects, 


iuiuui D) vtwve v* ivunviuiw) ^vuvviv uu«vv»i uuu vuv imv) a nv i/svivkivw cuu io, 

if any, to be expected from past tests would be manifest in a very small proportion 
of the world’s population, but because the population is so large, the absoluto 
numbers calculated under certain assumed relations appear startlingly large. It 
il useful, on an individual basis, to relate these predicted concentrations to radia- 
tion received from natural sources and to possible MPC’s derived by suitably 
authorised committees or agencies. A comparison of fallout and natural back- 
ground dose estimates appears as tablo IV. 4 

We find the predictions made by the 1967 panel with respect to maximum 
concentrations, it past tests or equivalent were repeated once, are consistent with 
predictions made today. It is noted that prior to 1957 approximately 60 int. 
fission yield equivalent had been detonated, and since that time approximately 
40 mt. more. 

Submitted by; 

Charles L. Dunham, M.D., AEC, 

Merril Eiscnbud, AEC. 

Joshua Z. Holland, AEC. 

Hal Hollister, AEC. 

Wright H. Langham, LASL, 

Willard F. Libby, AEC. 

Lester Machta, Weather Bureau. 

William Neuman, University of Rochester. 

Walter Selove, University of Pennsylvania. 

Frank Shelton, AFSWP, DOD. 

James Terrill, USPHS, 

Tabli I .—Total yield of teet explosion* to dalo 
(Megatons) 
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Tablb II. — Bitimattd overall fission produel distribution, November 1968 
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Tablb III . — Predicted average etrontium 90 equilibrium bone levele corresponding 
to average maximum deposition from weapons teste to date 


Region and type of population 

Mlcromicroruris 
Sr^/gram Ca 



20* to average i. 


20* to 60* N., Western civilization I 


jn* (n eo* fj 1( gutiyn civilisation t ... ... ........ ............ 

10 

World average, weighted L 





t Milk constitutes major source of calcium in diet 

• Plants constitute major source of calcium In diet, 

* Weighted by both population and diet. 

Tablb IV .— Comparison of worldwide fallout and natural background radiation 

dose estimates 
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i Report of United Nations Scion Udo Committee on the Effects of Atomic Radiation, cb. Ill, table V* 
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Wats or Kbducinq Worldwide or OrraiTB Fallout From Testino at a Giyu 

Level 

(W. F. Libby, U.8. Atomic Energy Commission) 

1 have l>cen a^ked to make a nhurt technical statement on way a of rrduci«| 
worldwide or offsite fallout from testing at a given level. I will not attempt ton 
strictly quantitative but will give genera) range* coupling tho expected fallout 
with detonation condition* and will estimato tho quantities of fission product! 
o\ ailable fur deposition from alternative method* of testing. 

Two method* of reducing the otfsite fallout below the 100 percent value whirl 
hold* for otmo*phcrio test* have been used and investigated by the A EC. 

The most effective of these i* underground testing at such depths and in ruch 
rock formation* a* will completely contain and seal in all of the radioactivity 
produced. A* you know, wo have conducted a total of five nuclear shots to 
investigate and use this technique. Wo have done enough to know that Midi 
underground confinement is possible and i* a way to conduct lower yield* slmu 
free of fallout. 

It is necessary to emphasize that our oxjierience i* limited and that we have to 
learn moro about such matters as tho characteristic* of the rock necessary to 
completely seal in tho radioactive fallout fo it cannot contaminate ground water 
or escajH' to the surface. The whole technique is very promising and we bcliett 
most of tho Nevada type shots could be made in this way. 

The second method we know* about and have experience with is firing on tho 
surface of the hind or the occau in remote urea* of the Pacific so much of tho fallout 
will drop back into the ocean. We believe that surface land firing retain* a!k>uI 
Ml percent of the fallout on the site so if wo fire ou coral atolls only uhout 20 
percent of tho fallout I* dispersed worldwide, tho remainder falling out in tU 
ocean. Surfaco ocean shot* appear to release something between the HO iierocnl 
figure the DOD ha* used in it* calculation and the 80 percent figure I have umxI. 
Perhaps the best figuro may be something like 50 percent, but in any case a con* 
sideranlc amount of the fallout will fAll l ark into tae ocean in the case of detona- 
tions on ocean barge* in the remote areas of the ecmatorial Pacific. 

Thcro are further development* of the surfaco firing technique which may 1* 
helpful. For example, in Operation Hardtack last year, we put silica sand in the 
barge* in the ho)»e that tho fallout would bo made insoluble and therefore Itnrnik^ 
a* far as Sr* is concerned and also reduce the C* ,jr exposure substantially. To 
date we have not been successful in obtaining data on the solubility of the very 
tine Hardtack debris which doe* not fall into tho Pacifio Ocean so we cannot *ajr 
whether this idea worked or not, but it seem* likely that it will work at least to 
o limited extent. 

There is a fourth possible technique which may give very low fallout. This 
i* tho technique of firing in outer space; a distance somewhere near halfway to 
tho moon or even farther w*ould bo best. Wo have had no experience wit It this 
method so far, so most of it is theory, but t lie theory looks pretty sound ami it 
says that tho only fallout which would come down would bo the fraction of the 
total solid angle subtended by the earth at the site of tho detonation. Tld« 
fraction for a distance of 60, (KM) miles above the earth would he about one nine* 
hundredths or a little over 0.1 percent. 

So to summarise, there are several ways of conducting tesl* which reduce tic 
amount of fallout or its effects appreciably. Two of these are pretty well proven, 
a third I* in process of being tested, and the fourth i* conjectural and theoretical 
but may be promising. 

42 


o 



